Summary. The 
Introduction
At the time of oestrus the rat uterus accumulates intraluminal fluid. This fluid engorgement occurs in many species, especially in rodents (Long & Evans, 1922; Blandau, 1945; Odor & Blandau, 1949 ; Kaul & Ramaswami, 1969) . The fluid is secreted by the endometrium and oviduct (Coutinho, 1974) and is retained in the uterus by the high degree of muscle tone at the cervix (Blandau, 1945) and uterotubal junction (Gaddum-Rosse, 1981) . In spite of the apparent ubiquity of this phenomenon, there is little information about the function of this accumulated fluid.
Some fluid is clearly essential for successful reproduction, since it contains substances critical for sperm capacitation (Austin, 1952) , gamete longevity (Aitken, 1979) , and the control of delayed implantation (Surani, 1975) . However, there is still the question of why there is such a large quantity of fluid, which is often seen as an obstacle to successful reproduction. For example, it may increase intrauterine pressure, and thus increase the force that spermatozoa encounter when entering the uterus. When this fluid is expelled from the late-oestrous uterus (8-5-10 h after mating ; Genell, 1939; Blandau, 1945) , many spermatozoa may pass out with it, thereby reducing the chance of a successful fertilization.
We have investigated the extent to which altering the amount of intraluminal fluid affected sperm transport and subsequent fertility, and the extent to which volume changes affected the contraction frequency of the uterus in vivo.
Materials and Methods
Sprague-Dawley CD rats from Charles River Breeding Labs, aged (Matthews & Adler, 1977 , 1979 and examined about 10 days later for embryos. To control for general effects of manipulation on fertility, the 71 females of Group III were simply mated and examined for embryos about 10 days later.
Sperm transport assessment. In Group IV, 40 female rats were subjected to volume manipulation and mating as above, but at 20 min after the second ejaculation were killed with an overdose of anaesthetic (59% chloral hydrate, 29% magnesium sulphate and 12% pentobarbitone; Fort Dodge Labs). After 5 min, they were laparotomized, and haemostats were quickly placed on the cervix, at each uterotubal junction, and at the middle of each horn, without handling the uterus. The volume of fluid in each of the 4 uterine sections was recorded. The numbers of spermatozoa in each section and in the vagina were estimated with a haemocytometer as described by Matthews & Adler (1977 Validation of technique The fluid manipulations produced stable changes in uterine fluid volumes. Amongst unmated females, horns evacuated of fluid at the first operation had little fluid 2 h later (0-08 ± 002 ml); those refilled with fluid at the first operation retained their fluid for the 2-h period (0-23 ± 003 ml; unpaired r(46) = 503; < 0-001). When fluid was evacuated from both horns, the amount of fluid found at the second operation (007 ± 0-01 ml) did not differ from the amount found in single horn evacuations (009 + 002 ml; unpaired /(30) = 0-79, = 0-43). Amongst mated females, fluidevacuated horns had less fluid after mating than did fluid-replaced horns (0-14 ± 0-01 ps 0-27 ± 0-02 ml respectively; paired f(39) = 5-31, < 0-001).
The technique of assessing uterine volume did not alter fertility under conditions of restored uterine fluid. Females that were only mated (Group III) were not more, or less, fertile than those mated after volume manipulation (Group II) (embryos per horn: 5-9 ± 0-4 vs 5-5 ± 0-3 respectively; unpaired ?(101) = 0·54, > 005).
Fertility effects
Intraluminal fluid volume was not a major factor influencing fertility (the number of embryos at 10 days post coitum). Combining data for left and right horns, evacuated horns did not have statistically fewer embryos than did horns in which fluid was replaced (see Table 1 ; paired i(39) = 1-47, = 0-07). Fluid-replaced horns which initially contained little fluid (<0-25 ml) also did not have fewer embryos than higher volume horns (>0-25 ml) ( 50 ± 0-5 41 ± 0-6 5-8 ± 0-7 60 ± 0-4 61 ± 0-7 5-8 ± 0-6 5-4 ± 0-7 6-2 ± 10 4-5 ± 0-9 6-6 ± 0-4 60 ± 0-8 71 ± 
Sperm transport effects
Transcervical sperm transport was not influenced by experimental reduction of fluid volume or by the natural volume found in a horn (see Table 1 ). Evacuating fluid from uterine horns did reduce the number of spermatozoa later found in the cranial half of those horns (paired r(31) = 1-73, < 0-05). This applied to both right and left horns (see Table 1 ). Right horns transported a significantly greater percentage of the spermatozoa (about 8%) to the ovarian end of the uterus than did left horns (paired /(31) = 2-13, < 0-05). However, the initial volume in fluid-replaced horns did not significantly correlate with transuterine sperm transport (r = 0-02, > 0-05).
Uterine contraction effects Uterine contractility was affected by the volume of fluid contained within the balloon and by the phase of the oestrous cycle. The uterus was very sensitive to volume changes from pro-oestrus through early di-oestrus, but not so sensitive during late di-oestrus. Since the levels of response to volume changes in pro-oestrus through early di-oestrus were indistinguishable, data for these times were pooled. Text- figure 2 shows the uterine activity of a representative female in early di-oestrus.
The addition of 010 ml fluid to the balloon over the baseline volume increased the contraction frequencies of the uterus, from 0-54 ± 0-08 contractions per min to 1-05 ± 009 per min (see Table  2 ; paired i(30) = 4-10, < 0-001 ; some animals used more than once in this and the next statistic). When volume was reduced to below baseline levels, contraction frequency fell (paired r(16) = 4-59, < 0-001). As little as 0-05 ml fluid reliably increased contraction frequency; volumes of greater than 0-20 ml above the baseline did not augment contraction frequency further (data not shown).
There were differences in response of left and right horns. After fluid addition, both horns had the same high contraction frequency. However, left horns contracted less frequently after volume reduction than did right horns (F(l,82) = 43-1, < 0-001 ; Table 2 ). The horns differed only at low volumes. 
Discussion
Low uterine fluid levels, whether naturally occurring or experimentally produced, were not associated with major reductions in fertility. Although one less embryo tended to develop in horns experimentally evacuated and 1 -3 fewer embryos in horns with less than 0-25 ml fluid initially, these differences were not significant overall. Significant differences were found in two instances when left and right horns were assessed separately. Right horns showed reduced fertility when comparing low to high natural fluid volumes. Left horn fertility was reduced after experimental evacuation of fluid. These effects accounted for 31% and 14% respectively of the variance in fertility. Although significant, these effects are difficult to interpret since they suggest that the condition of naturally low volume is critically different from experimentally produced low volume. Further work is needed to determine the reliability of these particular results. At present there is no evidence that intrauterine fluid has an important role in fertility. Incomplete disruptions of fertility by fluid manipulations have been reported before. Krehbiel (1948) removed the cervices from several rats, thereby preventing fluid accumulation, and yet obtained fertilized ova and normal implantations. Also, evacuation of fluid did not dramatically reduce the percentage of ova that were fertilized 1 day after unrestricted mating (Leonard, 1950 The intraluminal uterine fluid in rats was not essential for transcervical sperm transport. Florey & Walton (1931) provided indirect evidence that this was so by observing uterine spermatozoa in the presence of a uterine fistula. Our study presents quantitative data that transcervical sperm transport was not hindered by volume reduction.
In contrast, fluid reduction significantly compromised transuterine sperm migration. Warren (1938) reported that fluid removal delayed rapid transuterine sperm transport, taking 4 min instead of 1 min for the first spermatozoa to reach the periovarian space. Our data suggest that the effect of reduced fluid may be more than simple delay, since we found a persisting decrement 25 min after ejaculation. However, many spermatozoa were transported along the uterus even after withdrawal of uterine fluid. This may be partly due to the volume of the ejaculate which enters the uterus.
Uterine smooth muscle removed during oestrus responds to stretch in vitro (Fuchs, Olson & Petersen, 1965; Marshall, 1967) . Contractions actively move large quantities of spermatozoa through the uterus (Rossman, 1937; Genell, 1939 (Gilbert, Pelchat & Adler, 1980) . However, female rats during a post-partum mating may require multiple ejaculatory series to support normal fertility. Davis & Connor (1980) report that 28% of post-partum females became pregnant after one ejaculatory series, and 61% of females after two ejaculatory series. This reduction in fertility was transient, because these same females, when mated at oestrus during the preceding and following cycles, became pregnant more often (e.g. after pregnancy at the rate of 75% after one series and 86% after two series). This reduction in fertility at post-partum matings could have many causes. It is unlikely that a progesterone deficiency is one of them, since the threshold to elicit the progestational response seems to be reduced (J. Terkel, personal communication). The absence of intrauterine fluid at post-partum matings may contribute to the requirement for more ejaculatory series.
The left and right horns in rats are not physiologically equivalent. Left-right differences in the reproductive tracts of mammals have been reported before (see Mittwoch, 1983 , for a discussion of evolutionary history and significance of reproductive organ asymmetry). Differences include higher sperm concentrations in left horns in rats (Farris, 1946) , and more rapid sperm transport (Overstreet & Cooper, 1978) , oviducal sperm transport (Overstreet, Cooper & Katz, 1978) and ovum transport (Longley, Black & Currie, 1968; Polidoro, Howe & Black, 1973) , all on the left side, in rabbits. Our experiments revealed several differences between left and right horns: the contractility of the left horn was more dependent on intraluminal volume ; fewer spermatozoa reached the top half of the left horn, whether fluid-evacuated or replaced ; and fertility in the right horn was associated with high natural fluid volume and in the left horn with fluid being replaced.
Uterine fluid had the strongest influence on uterine contractions, the most proximal process examined, a weaker effect on transuterine sperm transport, and the weakest effect on fertility, the most distal process. It is premature to speculate whether the influence of intraluminal uterine fluid on uterine contractions is a causal explanation of fluid's relationship to sperm transport, although it is a provocative notion.
